Abstract-Organic small molecule and polymer materials are being considered as solar cell material in place of silicon wafer. Organic solar cells are now a popular subject in international research. This study uses ZnPc and C 60 as respectively the donor material and acceptor material of Organic Solar Cells (OSC) and examines the effects of different blocking layers and structures (P-N junction and P-I-N structure) on open-circuit voltage (V OC ), short-circuit current (I SC ), fill factor (FF) and efficiency of solar cell. It is found under the same thickness of 15nm, the short-circuit current generated by the BCP and BAlq 3 blocking layers is respectively 1.36 and 1.19 mA/cm 2 . This is because the BCP has higher energy gap and Highest Occupied Molecular Orbital (HOMO) than BAlq 3 , which enables BCP to block excitons and holes better. When the P-I-N structure is ZnPc(30 nm)/C 60 (40 nm) and ZnPc(30 nm)/ZnPc:C 60 (20 nm)/C 60 (40 nm), the short-circuit current produced could be increased to 2.67 mA/cm 2 respectively. This is because the intrinsic layer increases the contact area of P-N junction, enabling more excitons to dissociate into free charges.
The finite availability of natural resources such as coal, oil and natural gas as we enter into the 21st century can no longer meet the development needs of mankind. Environ-mental pollution accompanying the development is also becoming a serious issue that needs to be dealt with urgently. One of the solutions is to look for alternative energy. To this end, improving the performance of solar cell, lowering its costs, and cutting down the impact of large-scale production on the environment are the major directions for future development. The OSC fabrication involves simple process where thin film can be formed by vacuum evaporation or spin coating and flexible solar cells can be fabricated on plastic substrate (PET) [1] to turn it into portable power. In comparison with silicon wafer as solar cell material, organic materials offer the advantages of light-weight, flexible, transparent, low cost, low-temperature and large area manufacture. These promising features turn OSC into one of the products with great market potential following organic light-emitting diodes (OLED).
There have been reports on using organic molecules as solar cell material in 1970s [2] . But such devices had very low efficiency (< 0.1%). No breakthrough was reported until 1986 when Tang published the first OSC [3] with more than 1% efficiency. Since then, scientists reignited their interest in the potential of OSC. The low manufacturing cost, simple process, light weight, easy processing, flexibility, and large scale production have attracted many researchers into the field.
This study uses ZnPc and C 60 respectively as the donor material and acceptor material of OSC to explore the effects of different blocking layer materials and thickness of ZnPc and C 60 on the open-circuit voltage (V oc ), short-circuit current (I sc ), fill factor (FF) and efficiency of solar cells. The study also develops a P-I-N structure to enhance the efficiency of photoelectric conversion.
EXPERIMENT
Glass substrate deposited with ITO was defined with an anode pattern using photo-lithography. The glass substrate was ultrasonically vibrated in acetone, methanol and DI water in such sequence, and then blow dried with nitrogen gas before it was put into the oven to bake for 30 minutes. Subsequently, the glass substrate was placed in microwave plasma system to rinse the ITO surface with 90 sccm oxygen under 150 W microwave power. Next, the substrate was placed in an organic evaporator and coated with in sequence a donor layer (ZnPc), acceptor layer (C 60 ), and blocking layer (BCP or BAlq 3 ), and then placed in a metal evaporator to form a cathode (Al). The evaporation rate of ZnPc and C 60 were approximately 0.1-0.2 nm/sec. The Al deposition rate was 2-3 nm/sec. In the P-I-N structure, the I layer was co-evaporated ZnPc-C 60 . After the OSC was fabricated, KEITHLEY 2400 was used to measure its current and voltage. (as shown in Fig. 2 (a) and 2(b)), which weakens the ability of BAlq 3 to block hole diffusion as compared to BCP. Consequently, holes generated after illumination tend to diffuse to the vicinity of metal cathode and recombine with electrons, thereby reducing the number of carriers collected by the electrode and lowering the light current. In addition, the BAlq 3 HOMO energy level is also lower than that of C 60 HOMO, causing the holes to migrate towards the cathode and recombine with electrons at the cathode junction, thereby decreasing the light current. 
P-I-N Structure with Varied Thickness
Given that excitons will only be dissociated into free charges by the built-in electric field at the P-N junction, an intrinsic layer (I) is added into the device structure. The intrinsic layer is co-evaporated ZnPc-C 60 formed under the evaporation rate of 1:1. Its main purpose is to augment the volume of depletion region to increase the size of effective light absorption area, thereby allowing more excitons to be dissociated into free charges. The structure and band gap diagram of device with an intrinsic layer are as shown in Fig. 3 and Fig. 4 . Fig. 5 shows voltage-current density of organic solar cells under varying I layer thickness. As com-pared with P-N structure without an intrinsic layer, the I sc of P-I-N device increased from 1.80 to 2.67 mA/cm 2 . This is because the effective light absorption area of P-I-N structure increases, enabling more excitons to be dissociated into electrons and holes, and resulting in increase in I sc . Jones (2004) [4] points out that because an intrinsic layer is a polymolecular thin film formed by co-evaporation of two different materials, its conductivity is reduced, which in-creases the series resistance of device. Also as the series resistance of solar cell is inversely proportional to fill factor (FF), an increase in I layer thickness would cause increase in short-circuit current while FF becomes smaller. However when the thickness of I layer increases to 30 nm, short-circuit current becomes lower. This is because I layer is a blend of different materials, which makes it easier for carriers in I layer to be recombined and captured by the organic layer. 
CONCLUSION
I sc of 1.36 mA/cm 2 is produced when a device uses BCP as blocking layer, which is better than the Isc of 1.19 mA/cm 2 with BAlq 3 as blocking layer. When an intrinsic layer of ZnPc-C 60 is added by co-evaporation under the rate of 1:1 to form a P-I-N structure, the I sc is effectively increased. By shining incident light with air mass of AM1.5 100 mW/cm 2 on a solar cell with P-I-N structure (ITO/ZnPc (20 nm)/ZnPc:C 60 (20 nm)/C 60 (30 nm)/BCP (15 nm)/Al(100 nm)), the following measurements are ob-tained: V OC = 0.481 V, J SC = 2.67 mA/cm 2 , FF = 0.38, and
